Background: Allograft coronary artery disease (ACAD) is a common cause of morbidity and mortality post-orthotopic heart transplantation (OHT). ACAD progression may be reduced by modifying cardiovascular risk factors, such as hyperlipidemia and hypertension. We sought to evaluate the management of hyperlipidemia and hypertension among OHT recipients followed in an outpatient cardiac transplant clinic. Objective: The primary objective was to assess the proportion of /8.2) . Adverse reactions related to statins, ACE-inhibitors or diltiazem were uncommon and rarely resulted in drug discontinuation. Conclusions: Guideline recommended that LDL and BP targets are achievable in a significant proportion of OHT recipients. The high utilization rates of statins for dyslipidemia and ACE-I (or ARB) and diltiazem for BP were consistent with guideline recommendations for the prevention of ACAD. Despite concerns regarding the potential for pharmacokinetic drug interactions in OHT patients, the reported rates of any drug intolerance to these medications were low in our population.
Introduction
Heart transplantation is a life-saving medical intervention indicated for highly selected patients with end-stage heart disease; however, <200 heart transplants are performed annually across Canada [1] . Allograft coronary artery disease (ACAD), a rapidly progressive form of atherosclerosis in orthotopic heart transplantation (OHT) recipients, is a common cause of morbidity and mortality [2] . ACAD is characterized by intimal proliferation, luminal stenosis of epicardial branches, and occlusion of smaller arteries [3] . By 10 years post-transplant, >50% of surviving recipients have angiographic ACAD [4] . Both immunologic risk factors and non-immunologic risk factors are reported to be implicated [3] . It has been reported that 93% of surviving recipients have hyper-lipidemia and 99% have hypertension by 10 years post-OHT [4] . The only definitive treatment for ACAD is re-transplantation, but this not only poses risks for the patient but also causes ethical dilemmas for clinicians because of the scarcity of donor organs [3] . Because of the significant influence ACAD has on morbidity and mortality, it is important to focus on preventing this silent progressive disease, rather than treating its consequences.
Hyperlipidemia is the most consistently associated metabolic risk factor for the development of ACAD in the OHT recipient and can be caused by factors such as pre-transplant hyperlipidemia, immunosuppressant medications, obesity, and diabetes [2] [5] [6] . Low-density lipoprotein (LDL) is significantly associated with coronary intimal thickening and graft dysfunction [3] [7] . Prospective, randomized studies have demonstrated that statins reduce all-cause mortality at 1-year post-OHT [5] [8] . Kobashigawa concluded that the early use of pravastatin safely lowered cholesterol levels, decreased the incidence of major rejection, improved 1-year survival, and reduced the development of ACAD [9] . Follow-up studies have shown that these benefits were maintained for 10 years [10] . Similar findings are reported with use of simvastatin [11] - [13] . Other statins have shown benefit in smaller studies and appear to be safe and effective in aggressively lowering low-density lipoprotein (LDL) cholesterol in OHT recipients where other statins failed to reach therapeutic goals [14] - [16] .
Based on this evidence, the Canadian Cardiovascular Society (CCS) consensus on cardiac transplantation recommends all patients receive a statin after cardiac transplantation regardless of their baseline LDL [2] . Since OHT recipients are at significant risk of ACAD, it is reasonable to adopt the LDL targets currently recommended for high risk CAD patients [6] . The current recommended goal for high-risk patients is LDL < 2.0 mmol/L [17] .
Non-statin lipid-lowering agents are not commonly used in OHT recipients due to interactions with calcineurin inhibitors (CNIs) and statins, or adverse effects [5] [6] [18] . Patients who are intolerant of statins or who do not reach target lipid levels may require the addition of a second agent such as ezetimibe [19] [20] . However, lower initial doses and close monitoring are needed due to reports of supra-therapeutic response to ezetimibe when taken with cyclosporine [21] .
The adverse drug reactions associated with statins that generate the greatest apprehension among patients are myotoxicity (myopathy and myositis) and increased liver enzymes. However, many of the statin trials have failed to demonstrate severe adverse effects or showed reversible creatine kinase (CK) elevations, suggesting that statins are safe [9] [11] [14] - [16] . Statin safety trials concluded that since the incidence of severe complications is low, statins are safe in this population if closely monitored [22] [23] .
Hypertension in OHT patients can occur within days of transplantation as a consequence of immunosuppressive therapy and the denervation of cardiac volume receptors [24] [25] . The CNIs increase endothelin-1, decrease nitric oxide (NO), and activate the renin-angiotensinaldosterone system (RAAS), resulting in vasoconstriction and elevation in blood pressure (BP) [25] . Additionally, due to the denervation of cardiac volume receptors, volume expansion from salt loading fails to suppress the RAAS, therefore producing hypertension [26] .
Angiotensin-converting enzyme-inhibitors (ACE-Is) can blunt the effects of the neurohormonal systems that fail to respond to volume expansion and can enhance the activation of NO [27] . Calcium channel blockers (CCBs), particularly diltiazem, inhibit the vasoconstriction associated with cyclosporine by blocking the calcium channels [25] . The benefits of ACE-Is and CCBs may extend beyond their antihypertensive effects [25] [27]- [30] .
Canadian guidelines for cardiac transplantation recommend that if an antihypertensive is required, diltiazem or an ACE-I should be considered first-line due to the potential benefits in reducing ACAD [2] . For OHT patients who have concurrent diabetes, it is appropriate to target a BP goal of <130/80 mmHg adopted from the Canadian Hypertension Education Program (CHEP) guidelines. For OHT patients without diabetes, the recommended BP goal of <140/90 mmHg from CHEP is endorsed [31] . Commonly reported adverse effects of ACE-Is in the studies included hypotension and increased serum creatinine [24] . Diltiazem has been reported to cause sinus bradycardia [29] and peripheral edema [24] . Concomitant use of diltiazem and cyclosporine may result in increased cyclosporine levels secondary to CYP 450 interactions; however, this is an exploitable drug interaction [29] .
A survey of 59 American heart transplant centers revealed that statin therapy was included in the post-OHT protocol in 85% of centers [32] . Despite proportion of patients on statins and the low rate of adverse drug reactions, only 58.5% of adult cardiac transplant patients achieve an institutional LDL target of <2.6 mmol/L [32] . Since ACAD is a significant contributor to morbidity and mortality, it is essential to reduce the progression by treating modifiable risk factors, such as hyperlipidemia and hypertension.
The purpose of this study was to evaluate the management of hyperlipidemia and hypertension among OHT recipients followed in the outpatient cardiac transplant clinic at the University of Alberta. Characterizing the proportion of patients achieving LDL and BP targets and the current patterns of use of lipid-lowering and antihypertensive agents will assist in improving the medical management of heart transplant recipients.
The primary objective was to assess the proportion of OHT patients achieving both the LDL target of <2.0 mmol/L and BP targets of <140/90 mmHg or <130/80 mmHg for diabetics in an outpatient cardiac transplant clinic. Secondary objectives included the assessment of: 1) the proportion of patients achieving the LDL target of <2.0 mmol/L; 2) the proportion of patients currently achieving the BP targets of <130/80 mmHg for diabetics (patients taking anti-diabetic agents or with a fasting plasma glucose > 7 mmol/L) or <140/90 mmHg for all others; and 3) the current usage patterns and intolerance to lipid-lowering and antihypertensive agents among OHT recipients.
Methods

Design and Patient Population
This study was a cross-sectional, retrospective analysis of all post-OHT patients being actively followed and collaboratively managed in the outpatient cardiac transplant clinic at the University of Alberta. Patients were included if they had undergone OHT and were >18 years old. Patients who received OHT at the University of Alberta Hospital but were actively being followed in another transplant clinic were excluded from the analysis.
Data Collection
A standardized case report form was used to extract information from the patients' clinic charts. Information was collected between January to March 2009 from the charts by a single investigator and included: 1) demographic data; 2) most recent fasting lipid profile; 3) BP readings taken during the last three clinic visits; 4) description of statins, ACE-Is, and diltiazem therapies; 5) documented intolerances or adverse effects associated with statins, ACE-Is, and diltiazem. Elevated ALT and AST was defined as >3 times the upper limit of normal (ULN), myalgia as muscle ache or weakness without CK elevation, myositis as CK elevation of >3 times but <10 times the ULN, and rhabdomyolysis as muscle symptoms with CK elevation of >10 times the ULN. Elevated creatinine was defined as >30% increase from baseline and hyperkalemia was defined as >5.0 mmol/L.
Sample Size and Data Analysis
The sample size was based on the 209 post-OHT patients currently followed in the cardiac transplant clinic at the University of Alberta. Descriptive statistical analysis was performed using Microsoft Access and Excel. Documented intolerances associated with statins, ACE-Is, and diltiazem were described using the Naranjo algorithm [33] . The study was approved by the Health Research Ethics Board of the University of Alberta.
Results
Patient Characteristics
Between 1985 and January 2009, 613 patients received heart transplants at the University of Alberta. Of those, 404 patients were excluded from the study (deceased, combined heart and lung transplants, orpediatric transplant). From 209 eligible patients, 16 patients were excluded due to being either lost to follow-up or being routinely followed by another clinic. A total of 193 patients were included (Figure 1) . Demographic characteristics of included patients are summarized in Table 1 . The patient population consisted of 76.7% maleswith a mean age of 59.2 ± 13.0 years, who were a mean 8.2 ± 4.8 years post-OHT. ACAD was diagnosed by coronary angiography with or without myocardial scintigraphy in 43 (22.3%) patients.
Primary Objective
A total of 111 (57.5%) patients achieved both the LDL target of <2.0 mmol/L and the BP target of <140/90 mmHg (or <130/80 mmHg for diabetics).
Secondary Objectives
Of the 193 patients, 140 (72.5%) patients achieved the LDL target of <2.0 mmol/L. Patients who were prescribed a statin were more likely to reach this goal ( Table 1) . The mean LDL was 1.81 ± 0.55 mmol/L for the entire cohort, 1.78 ± 0.49 mmol/L for patients prescribed a statin and 2.43 ± 1.09 mmol/L for those who were not ( Table 1) . For patients who did not achieve the LDL target, the mean LDL was 2.43 ± 0.57 mmol/L.
The BP target of either <140/90 mmHg or <130/80 mmHg was achieved by 153 (79.3%) patients. The mean SBP of all patients was 124.2 ± 13.6 mmHg, and the DBP was 77.8 ± 8.2 mmHg ( Table 2) . These numbers did not differ greatly for patients who were or were not prescribed an ACE-I (or ARB) or diltiazem. For patients who did not achieve the <140/90 mmHg or the <130/80 mmHg target, their mean BP was 144.4 ± 11.3 mmHg (SBP) and 87.9 ± 11.4 mmHg (DBP) and 136.5 ± 11.9 mmHg (SBP) and 81.4 ± 5.2 mmHg (DBP) respectively.
Statins were prescribed in 183 (94.8%) patients with an atorvastatin-equivalent dose of 27.7 ± 23.8 mg once daily ( Table 2) . Atorvastatin (88.1%) was the most commonly prescribed statin, followed by pravastatin (3.1%) and simvastatin (2.6%) ( Table 2 ). The next two commonly used lipid-lowering agents were ezetimibe (12.4%) and fish oil (2.1%). Of 193 patients, 81.9% were on one lipid-lowering agent and 14.0% were on two lipidlowering agents.
For the use of antihypertensive agents, 88.1% of patients were on either or both an ACE-I (or ARB) and diltiazem. ACE-Is (or ARBs) were prescribed in 154 (79.8%) patients, diltiazem in 101 (52.3%) patients, and both in 85 (44.0%) patients. The rates of prescribing for additional classes of antihypertensive agents were low, except for thiazide diuretics (Figure 2) . Of the 193 patients, 22.3% were on one antihypertensive agent, 32.1% were on two, 22.8% were on three, 10.9% were on four, and 2.1% were on five. ACEI = angiotensin converting enzyme inhibitor, ARB = angiotensin receptor blocker, CAD = coronary artery disease, ACAD = allograft coronary artery disease, CCB = calcium channel blocker, CM = cardiomyopathy, DBP = diastolic blood pressure, HDL-C = high-density lipoprotein, LDL-C = low-density lipoprotein, MMF = mycophenolate mofetil, OHT = orthotopic heart transplant, SBP = systolic blood pressure, TC = total cholesterol, TG = triglyceride. Among the 183 patients prescribed a statin, a total of 27 (14.8%) patients had some statin-related intolerance, of which 20 (10.9%) had slightly elevated CK (<3 times the ULN) and 11 (6.0%) reported myalgia ( Table 3) . Of the 127 patients who were prescribed an ACE-I, 37 (29.1%) patients had ACE-I-related intolerance, of which 27 (21.3%) had minor elevations in serum creatinine and 7 (5.5%) had hyperkalemia. Of the 101 patients who were prescribed diltiazem, 11 (10.9%) patients had diltiazem-related intolerances, of which 8 (7.9%) had lower leg edema. Using the Naranjo algorithm, it was determined that none of the intolerances were classified as "definite" adverse drug reactions; rather, most were determined to be either "probable" or "possible" reactions.
Discussion
In our cardiac transplant clinic, 58% of OHT patients achieved both an LDL target of <2.0 mmol/L and a BP target of <140/90 mmHg (or <130/80 mmHg for patients with diabetes). When separately assessing the proportion of patients achieving the LDL target, 73% of patients achieved the target. This proportion is much higher than that reported for non-cardiac transplantation patients with cardiovascular disease in general practices (30.5 -51.2%) [34] [35] . If the higher LDL target of <2.5 mmol/L was used, as previously recommended in the 2003 CCS guidelines, the proportion of patients who achieved this target increases to 93.8%. Remarkably, the proportion of patients achieving this higher target LDL (<2.5 mmol/L) has been very consistent (93.3%) since we first evaluated this in our patients > 5 years ago [36] . This proportion of patients successfully treated to target is 35% higher than previously been reported, when the target LDL is comparable [32] . Even for patients who did not achieve the aggressive LDL target of <2.0 mmol/L, their mean LDL was only slightly (mean of 0.43 mmol/L) above target. Similarly, the proportion of patients achieving the blood pressure goal (79%) is higher than that reported for the general population (57% -58%) [35] [37] . For those who did not achieve the goal, their BP readings were only 1 -6 mmHg above their target. The successful attainment of these treatment goals may be due to the close patient monitoring and the collaborative interdisciplinary team approach operational in our outpatient cardiac transplant clinic. Consistent with the recommendations regarding dyslipidemia management, the majority of our patients were prescribed a statin (95%). While published data supports the efficacy of pravastatin and simvastatin [9] - [13] , our results expand the evidence with atorvastatin, as it was the most commonly prescribed agent in the class. In combination with or in place of statins, ezetimibe was the most common agent. Since 82% of our patients were on a regimen with only one lipid-lowering agent, our results suggest that most patients can achieve the LDL target with monotherapy. Also, consistent with the CCS recommendation regarding hypertension management, 88% of our patients were managed with either one or both an ACE-I (or ARB) and diltiazem. Two or more antihypertensive agents were used in 78% of patients, demonstrating that multiple antihypertensive agents are often required for the management of hypertension in OHT recipients.
Previous studies have reported up to 20% of OHT recipients may suffer adverse effects of initial statin therapy; however, problems resolve with close monitoring and severe adverse events are rare [9] [11] [14] - [16] [22] [23] . Our data is consistent with these findings and demonstrates a similar low incidence of medication intolerance. Although 15% of patients had statin-related intolerances including minor CK or ALT elevations and myalgias, none were classified as definite, rather as possible or probable reactions. Furthermore, there were no documented cases of either myositis or rhabdomyolysis among patients on statin therapy. Only 7 patients had documented intolerances or contraindications that were severe enough to warrant discontinuation of statin therapy. Elevated serum creatinine was a common intolerance of ACE-Is; however, all of these were determined to be either possible or doubtful reactions. This can be explained by the fact that, independent of ACE-Is, renal insufficiency is often a co-morbidity among cardiac transplantation recipients caused by concurrent long-term therapy with CNIs. Similarly, immunosuppressant agents also promote fluid retention, and in combination with diltiazem, can lead to a worsening of lower extremity edema. Although the incidences of the intolerances may seem more common than the general population, they are not attributable to single agents. This reinforces the need for close follow-up monitoring in this patient population.
This study was a cross-sectional retrospective analysis; therefore, it has several limitations. Firstly, cholesterol and serum creatinine levels were collected from the most recent clinic follow-up laboratory results; therefore, trends or fluctuations were not captured or evaluated. Secondly, the BP readings were taken from clinic readings, and discrepancies may exist from home readings if patients had white coat syndrome. In attempt to control for this possible discrepancy, three BP readings from the last 3 clinic visits were used to calculate the average BP for each patient. Thirdly, we made no attempt to evaluate or ensure compliance to medications directly. However, compliance is routinely assessed at each follow-up clinic visit, and any evidence of non-adherence is documented. Fourthly, the appropriateness of a patient not being prescribed drug therapy was not evaluated. The avoidance of lipid-lowering or antihypertensive therapy may have been appropriate if there was an absolute contraindication. And finally, since this was a cross-sectional evaluation of the management of hyperlipidemia and hypertension, we cannot draw conclusions regarding how successful treatments to guideline targets have impacted clinical outcomes such as ACAD. Nevertheless, the rate of ACAD diagnosed in our study population (22.3%) appears to be significantly lower than reported in the literature (53% by 10-year), which may be the result of our high degree of success in modifying these risk factors.
Conclusion
It is possible to successfully achieve the guideline recommended LDL-cholesterol target of <2 mmol/L and the recommended BP target of <140/90 mmHg (or <130/80 mmHg for diabetic patients) in a significant proportion of OHT recipients. The high utilization rates of statins for dyslipidemia and ACE-Is (or ARBs) and diltiazem for hypertension were consistent with the CCS consensus recommendations for the prevention of ACAD. Despite concerns regarding the potential for pharmacokinetic drug interactions due to complex poly-pharmacy in OHT patients, the reported rates of any drug intolerance to the medications were low in our population.
